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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By weight %, C:0.05 - 0.30%, less than [ Si:0.10% ], Mn:0.85-2.00% 5 S:0.50 is exceeded 
P:0.020 to 0.20%. 0.80% or less, N:0.0030 - 0.0200%, O (oxygen):0.0050 - 0.0350%, Cu: Less than 
[ 0.30% ], less than [ nickel :0.30% ], less than [ Cr:1.5% ], Mo: Less than [ 0.2% ], less than 
[ aluminum:0.10% ], less than [ Bi:0.50% ], Te: It is the free cutting steel whose value of fnl which less 
than [ 0.10% ], less than [ calcium:0.05% ] less than [ Ti:t.00% ], V:0.50% or less, and B:0.0050% or 
less are contained, and the remainder consists of Fe and an unescapable impurity, and is further 
expressed with following ** type is 1.70 or more. 
fnl=Mn (%) /S (%)■ ** 



[Translation done.] 
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. * NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 * * * * s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the free cutting steel of Pb non-adding mold suitable as 
raw material steel of a machine structural part which a load hardly applies [ piston / the shafts of OA 
equipment, / of an automobile / brake ] in more detail about a free cutting steel. 
[0002] 

[Description of the Prior Art] A free cutting steel is classified into S (sulfur) system, Pb (lead) system, a 
• S-Pb system, calcium system, a S-Pb-calcium system, Ti system, a graphite system, etc. according to a 
free-cutting grant element (free-cutting element). Even if it is cheap from various reasons and moreover 
does not add Pb in recent years, the want to the free cutting steel which has cutting ability equivalent to 
Pb system free cutting steel which added the conventional Pb is large. 

[0003] For example, the chemical composition of the free cutting steel which does not add Pb to JP,63- 
241 1 13 A JP,1-188622,A, JP,2-243714,A, and JP,5-345951,A is indicated. However, when the steel 
indicated in these official reports is used, cutting ability equivalent to Pb system free cutting steel is not 
stabilized, and it cannot necessarily secure. 
[0004] 

[Problem(s) to be Solved by the Invention] The object of this invention is to offer Pb free cutting steel of 
not adding [ which has cutting ability equivalent to Pb system free cutting steel suitable as raw material 
steel of a machine structural part which a load hardly requires / piston / the shafts of OA equipment, / of 
an automobile / brake ]. 
[0005] 

[Means for Solving the Problem] The summary of this invention is in the free cutting steel shown below. 

[0006] At "% of the weight, namely, C:0.05 - 0.30%, less than [ Si:0.10% ], S:0.50 is exceeded 
Mn:0.85-2.00% and P:0.020 to 0.20%. 0.80% or less, N:0.0030 - 0.0200%, O (oxygen):0.0050 - 
0.0350%, Cu: Less than [ 0.30% ], less than [ nickel:0.30% ], less than [ Cr:1.5% ], Mo: Less than 
[ 0.2% ], less than [ aluminum: 0.10% ], less than [ Bi:0.50% ], Te: It is the free cutting steel whose value 
of fnl which less than [ 0.10% ], less than [ calcium:0.05% ], less than [ Ti:1.00% ], V:0.50% or less, 
and B:0.0050% or less are contained, and the remainder consists of Fe and an unescapable impurity, and 

is further expressed with following ** type is 1.70 or more. fhl=Mn (%) /S (%) It is **." 

[0007] this invention persons examined many things about the chemical entity that the cheap free cutting 
steel which has cutting ability equivalent to Pb system free cutting steel which added the conventional 
Pb should be developed, even if it did not add Pb. Consequently, the following knowledge was acquired. 

[0008] (a) If the steel which raised the content of P is made to contain S exceeding 0.50% by weight % 
while stopping the content of Si low, cutting ability equivalent to Pb system free cutting steel whose 
conventional Pb content is 0.05 - 0.30% can be made to give. 

[0009] (b) In high S steel, although degradation of hot- working nature is remarkable when the value of - 
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Mn(%) / S (%) is less than 1.70, with [ the value of above-mentioned Mn(%) / S (%) ] 1.70 [ or more ], 
it is satisfactory to hot-working nature. 

[0010] This invention is completed based on the above-mentioned knowledge. 
[0011] 

[Embodiment of the Invention] Hereafter, each requirement for this invention is explained in detail. In 
addition, "% of the content" of a chemical entity means "% of the weight." 

[0012] C: C is an element effective in securing reinforcement. However, the content is deficient in the 
addition effectiveness at less than 0.05%. Furthermore, making the content of C less than 0.05% in the 
case of low [ like this invention steel / Si ], high [ P ], and high S steel leads to a cost rise. On the other 
hand, if C is made to contain exceeding 0.30%, lowering of cutting ability will arise, and cutting ability 
equivalent to Pb system free cutting steel is stabilized, and it cannot secure. Therefore, the content of C 
was made into 0.05 - 0.30%. 

[0013] Si: When it is necessary to lessen as much as possible and the content exceeds 0.10% especially, 
lowering of cutting ability becomes remarkable, and cutting ability equivalent to Pb system free cutting 
steel is stabilized by Si content, and it becomes impossible to secure it, in order to make good cutting 
ability give Pb non-adding steel of a high S-high P system. Therefore, Si content was made into 0.10% 
or less. 

[0014] Mn:Mn has the operation which raises deacidification and reinforcement. Furthermore, there is 
also an operation which raises cutting ability. However, the content of such effectiveness is difficult to 
get at less than 0.85%. On the other hand, even if it makes Mn contain exceeding 2.00%, the 
effectiveness is saturated and just spoils profitability. Therefore, the content of Mn was made into 0.85 - 
2.00%. 

[0015] P: the operation to which P raises fatigue strength ~ in addition, Si content has the operation 
which raises remarkably the cutting ability of the low Si-high S steel exceeding 0.5% at 0.1 % or less as 
for S content. However, at less than 0.020%, the effectiveness of the above [ the content ] is difficult to 
get. On the other hand, if it is made to contain exceeding 0.20%, remarkable degradation of hot- working 
nature will be caused. Therefore, the content of P was made into 0.020 - 0.20%. 
[0016] S: S has the operation which raises cutting ability. It has the operation which raises greatly 
especially the cutting ability of the low Si-high P steel whose Si content is 0.1% or less, and whose P 
content is 0.02 - 0.20%. Cutting ability with the content of S equivalent to Pb system free cutting steel at 
0.5%) or less is stabilized, and it becomes impossible however, to secure in the case of Pb non-adding 
steel. On the other hand, if the content of S exceeds 0.80%, hot-working nature will deteriorate 
remarkably. Therefore, S content was made into 0.80% or less exceeding 0.50%. 
[0017] N: N has the operation which makes crystal grain detailed and raises toughness. In order to 
demonstrate this effectiveness enough, it is necessary to make the content of N into 0.0030% or more. 
On the other hand, even if it makes N contain exceeding 0.0200%, the effectiveness is saturated and just 
spoils profitability. Therefore, N content was made into 0.0030 - 0.0200%. 

[0018] O(oxygen): O is an element effective in improving cutting ability, and in order to demonstrate 
this effectiveness enough, it needs to be taken as 0.0050% or more of content. On the other hand, the 
effectiveness is carried out even if it makes O contain exceeding 0.0350%. Therefore, the content of O 
was made into 0.0050 - 0.0350%. 

[0019] It is not necessary to add Cu:Cu. If it adds, there is an operation which raises yield strength. In 
order to acquire this effectiveness certainly, as for Cu, it is desirable to consider as 0.01% or more of 
content. However, if the content exceeds 0.30%, hot-working nature will fall. Therefore, the content of 
Cu was made into 0.30% or less. 

[0020] It is not necessary to add nickel mickel. If it adds, it has the effectiveness of raising toughness. In 
order to acquire this effectiveness certainly, as for nickel, it is desirable to consider as 0.01% or more of 
content. However, if the content exceeds 0.30%, cutting ability will fall remarkably. Therefore, the 
content of nickel was made into 0.30% or less. 

[0021] It is not necessary to add Cr:Cr. If it adds, there is an operation which raises reinforcement. In 
order to acquire this effectiveness certainly, as for Cr, it is desirable to consider as 0.0 1% or more of 
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content. However, if the content exceeds 1.5%, cutting ability will fall remarkably. Therefore, the 
content of Cr was made into 1.5% or less. 

[0022] It is not necessary to add Mo:Mo. If it adds, there is an operation which raises toughness like 
nickel. In order to acquire this effectiveness certainly, as for Mo, it is desirable to consider as 0.01% or 
more of content. However, if the content exceeds 0.2%, cutting ability will fall remarkably. Therefore, 
the content of Mo was made into 0.2% or less. 

[0023] It is not necessary to add aluminum:aluminum. If it adds, it is effective in deoxidation. In order to 
acquire this effectiveness certainly, as for aluminum, it is desirable to consider as 0.01% or more of 
content. However, if the content exceeds 0.10%, hot-working nature will fall. Therefore, the content of 
aluminum was made into 0.10% or less. 

[0024] It is not necessary to add Bi:Bi. If it adds, there is an operation which raises cutting ability much 
more. In order to acquire this effectiveness certainly, as for Bi, it is desirable to consider as 0.01% or 
more of content. However, even if it makes Bi contain exceeding 0.50%, the aforementioned 
effectiveness is saturated, and cost just increases. Therefore, the content of Bi was made into 0.50% or 
less. 

[0025] It is not necessary to add Te:Te. If it adds, there is an operation which raises cutting ability much 
more. In order to acquire this effectiveness certainly, as for Te, it is desirable to consider as 0.005% or 
more of content. However, even if it makes Te contain exceeding 0.10%, the aforementioned 
effectiveness is saturated, and cost just increases. Therefore, the content of Te was made into 0.10% or 
less. 

[0026] It is not necessary to add calciumxalcium. If it adds, there is an operation which raises cutting 
ability much more. In order to acquire this effectiveness certainly, as for calcium, it is desirable to 
consider as 0.0005% or more of content. However, since the aforementioned effectiveness is saturated 
even if it makes calcium contain exceeding 0.05%, cost just increases. Therefore, the content of calcium 
was made into 0.05% or less. 

[0027] It is not necessary to add Ti:Ti. If it adds, there is an operation which raises cutting ability much 
more. In order to acquire this effectiveness certainly, as for Ti, it is desirable to consider as 0.05% or 
more of content. However, even if it makes Ti contain exceeding 1.00%, the aforementioned 
effectiveness is saturated and cost just increases. Therefore, the content of Ti was made into 1.00% or 
less. 

[0028] It is not necessary to add V: V. If it adds, there is an operation which raises yield strength and a 
durable ratio (fatigue ratio). In order to acquire this effectiveness certainly, as for V, it is desirable to 
consider as 0.01% or more of content. However, even if it makes V contain exceeding 0.50%, the 
aforementioned effectiveness is saturated and cost just increases. Therefore, the content of V was made 
into 0.50% or less. 

[0029] B: It is not necessary to add B. If it adds, there is an operation which raises hardenability and 
raises reinforcement. In order to acquire this effectiveness certainly, as for B, it is desirable to consider 
as 0.0005% or more of content. However, even if it makes B contain exceeding 0.0050%, the 
aforementioned effectiveness is saturated and cost just increases. Therefore, the content of B was made 
into 0.0050% or less. 

[0030] fnl : When the value of fnl expressed with the aforementioned ** type is less than 1 .70, 
degradation of hot- working nature is remarkable. Therefore, the value of fnl was made or more into 
1 .70. In addition, it is satisfactory even if the upper limit of the value of fnl is a value near 4.0. 
[003 1] Hereafter, an example explains this invention in detail. 
[0032] 

[Example] The steel of the chemical composition shown in a table 1 and a table 2 was ingoted using test 
kiln by the usual approach. The steel 1 1-20 in the example of this invention and table 2 with which the 
steel 1-10 in a table 1 has chemical composition within limits specified by this invention is the example 
of a comparison from which either of the components separated from the range specified by this 
invention. Steel 18-20 is the steel equivalent to the conventional Pb system free cutting steel among the 
examples of a comparison. 
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[0033] 
[A table 1] 
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[A table 2] 
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[0035] Subsequently, the following lathe-turning trial and the drill drilling test were carried out for 
finishing and the assessment of cutting ability to the steel plate whose width of face is 160mm by 55mm 
in the round bar whose die length is 1000mm for the diameter of 80mm, and thickness, having forged 
between the post heating which heated the steel ingot of such steel at 1200 degrees C, and having used 
finishing temperature as 1000 degrees C. 

[0036] (1) The diameter which carried out the lathe-turning test above performed [ by 80mm / by 
making into a test specimen the round bar whose die length is 1000mm ] the lathe-turning trial using the 
chip of cemented carbide P20 the condition for amount [ of 2mm ] of slitting, feed-per-revolution 0.2 
mm/rev, and cutting speed/of 80m by dry type, i.e., non-lubrication. 

[0037] A chip life, machined surface granularity (Ra), and cutting force (resultant force of the main 
component of a force, feed force, and thrust force) estimated lathe-turning nature. In addition, the chip 
life was made into test time when the abrasion loss of a chip judges that lathe turning beyond it is 
impossible exceeding a fixed value. The lathe-turning trial was closed in 100 minutes, and the chip life 
at the time of judging that lathe turning is possible exceeding 100 minutes was made into 100 minutes or 
more(>=100). 
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[0038] (2) The thickness which carried out the drill drilling test above used the drill with a diameter [ of 
high speed tool steel (high speed steel) ] of 12mm by 55mm by having made into the test specimen the 
steel plate whose width of face is 160mm, the hole with a depth of 40mm was made in the thickness 
direction of a steel plate the condition for delivery 0.04 mm/rev and cutting speed/of 47m using water- 
soluble lubricant, and the drill drilling test was performed. 

[0039] A drill life, resistance torque, and a resistance thrust estimated drill drilling nature. In addition, 

the drill life was made into the number of holes until it becomes processing impossible by wear of the 

drill edge of a blade. When the drill drilling test made 1000 holes, it was closed, and the drill life when 

drilling is possible was made or more into 1000 (>=1000) more than it. 

[0040] A test result is collectively shown in a table 3. 

[0041] 
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[0042] In spite of Pb un-adding, the steel 1-10 of the example of this invention has lathe-turning nature 
equivalent to the steel 18-20 which is the conventional Pb system free cutting steel, and drill drilling 
nature, and its excelling in cutting ability is clear from a table 3. 

[0043] On the other hand in the steel of the example of a comparison, from the value specified by this 
invention The steel 17 from which the steel 1 1 from which C content separated high, the steel 12 from 
which Si content separated high, the steel 13 from which P content separated in eye the low one, the 
steel 14 from which S content separated in eye the low one, the steel 15 from which nickel content 
separated high, the steel 16 from which Cr content separated high, and Mo content separated high A tool 
life (a chip life and drill life) is short, all have large resistance torque and resistance thrust at the time of 
drill drilling in the cutting force list in a lathe-turning trial, and cutting ability is inferior to it in them 
compared with the steel 18-20 which is the conventional Pb system free cutting steel. In addition, 
surface roughness is also inferior in steel 13, 15, and 17. 
[0044] 

[Effect of the Invention] Since the free cutting steel of this invention has cutting ability equivalent to Pb 
system free cutting steel, it can be used as raw material steel of a machine structural part which a load 
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hardly applies, such as shafts of OA equipment, and a brake piston of an automobile. 
[Translation done.] 
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